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Abstract
Childhood conduct problems have been associated with reduced autonomic arousal to negative cues indicative of an insensitivity
to aversive stimuli, with mixed evidence in response to positive cues. Autonomic arousal to affective stimuli has traditionally
been measured through galvanic skin responses and heart-rate, despite evidence that pupillometry is more reliable and practically
beneficial (i.e., no wires are attached to the participant). The current study is the first to examine abnormal pupillary responsivity
to affective stimuli as a biomarker for childhood conduct problems.Wemeasured pupil reactivity to negative, positive and neutral
images in 131 children aged 4–7 years, who were referred by their teachers for being at risk of future psychopathology. We
assessed relationships between pupil response to the images and teacher-rated scores on the Strengths and Difficulties
Questionnaire (SDQ), which indexed child conduct problems and their overlapping emotional, behavioural and social difficul-
ties. Reduced pupil dilation to negative images was associated with significantly increased conduct, hyperactivity, emotional and
peer problems, as well as reduced prosocial behaviour. Composite scores for disruptive behaviour and emotional difficulties both
uniquely predicted blunted pupil response to negative threat stimuli; there were no relations with pupil responses to positive
images. These findings highlight that blunted pupil responsivity to negative stimuli serves as a biomarker for early disruptive
behavioural problems and affective difficulties. Pupillometry offers an inexpensive, fast and non-intrusive measure to help
identify children who are showing early disruptive behaviour or experiencing affective difficulties, which can provide opportu-
nities for preventative intervention to avoid further psychopathology.
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Physiological changes in response to emotional stimuli are
fundamental to the emotional experience and adaptive regula-
tion of physiological arousal is vital for healthy functioning
(Scarpa 2015). Increases in physiological arousal occur as a
result of the activation of neural circuits responsive to poten-
tially life-threatening aversive and life-sustaining appetitive
stimuli that trigger a cascade of physiological (and cognitive)
changes that guide psychological (i.e., affective, cognitive and
interpersonal) mechanisms involved in behavioural tenden-
cies to approach or avoid (Lang and Bradley 2010). The
Research Domain Criteria (RDoC) framework identified
‘Arousal/Regulatory Systems’ as one of five higher-order do-
mains of human functioning and behaviour, indicating that
arousal in response to aversive and appetitive stimuli reflects
the sensitivity of an organism to these cues (see https://www.
nimh.nih.gov/research-priorities/rdoc/index.shtml).
Abnormal arousal responses and dysregulation may disrupt
psychological mechanisms involving temperament and per-
sonality and place the individual at risk of maladjustment
(Scarpa 2015). Indeed, research has linked abnormal physio-
logical arousal (hypo- or hyper-arousal) in response to emo-
tional stimuli to the onset and severity of a range of serious
psychopathology (Hajcak and Patrick 2015), which includes
specific clinical symptoms that cut across diagnostic bound-
aries (Yancey et al. 2015). This illustrates the potential of
psychophysiological responsivity to account for comorbidity
of clinical symptoms observed across (and heterogeneity ob-
served within) certain traditional disorders (Baskin-Sommers
and Foti 2015; Hajcak and Patrick 2015). Similar abnormal
physiological processes exist early in development, as abnor-
mal arousal in childhood has been linked to cognitive,
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emotional and behavioural difficulties (Scarpa 2015). This
highlights the value of investigating the dimension of arousal
within children as a biomarker of early maladjustment. It is
important to identify difficulties early in development in order
to disrupt pathways to later serious psychopathology.
The Autonomic Nervous System
and Pupillometry
The activity of the autonomic nervous system (ANS) is close-
ly tied to emotions and the stress response, and abnormal
autonomic activity has been linked to a range of
neurodevelopmental difficulties (Hajcak and Patrick 2015).
The ANS is comprised of the excitatory sympathetic nervous
system (SNS) – responsible for the ‘fight or flight’ response
and characterised by physiological reactions such as increased
sweating, respiration and heart-rate - and the inhibitory para-
sympathetic nervous system (PNS), which is responsible for
restorative physiological responses during periods of safety.
Autonomic reactivity occurs when an aversive or appetitive
motivational cue is presented, which triggers the sympathetic
chain through activation of the basolateral and then central
nucleus of the amygdala via projections to the lateral hypo-
thalamus (Lang and Bradley 2010).
The excitatory SNS has typically been indexed through
skin conductance reactivity (SCR) and heart-rate (HR) – al-
though heart-rate is understood to be influenced by both SNS
and PNS activation (Norman et al. 2014) - yet there are a
number of advantages for measuring SNS activity using
changes in pupil diameter. Firstly, measuring emotional arous-
al using the pupil does not require that wires are attached to the
participant, which is particularly beneficial when working
with apprehensive populations such as young children (and
leads to a shorter procedure). Emotionally-modulated changes
in pupil diameter occur rapidly (after approximately 500 ms)
and so pupillometry offers a time-sensitive measure of auto-
nomic arousal. In comparison, SCRs occur 1000–5000 ms
after stimuli onset offering a more delayed index of sympa-
thetic autonomic reactivity. Bradley et al. (2017) reported that
the pupil is a more reliable indicator of emotional arousal
compared to SCR. While both SCR and pupil responsivity
indexed sympathetic autonomic arousal, 92% of participants
evidenced increased pupil diameter for affective compared to
neutral images, whereas only 67% of the participants showed
this pattern according to SCR. Lastly, numerous individual
differences factors (e.g. oily skin type, dampness, participant
movement) affect the ability to obtain effective data using
SCR and the number of ‘non-responders’ within the sample
population (Venables and Mitchell 1996). Therefore,
pupillometry offers a more temporally sensitive, reliable, and
practical index of SNS activity.
Previous research has shown the value of pupillometry for
measuring autonomic arousal as the pupil dilates in response
to emotionally-laden stimuli compared to neutral stimuli and
this has been demonstrated in response to images, sound-clips,
facial expressions and video-clips (Bradley et al. 2008; Burley
et al. 2017). Further, studies have demonstrated that abnormal
pupil responsivity to affective stimuli across children and
adults may act as a potential autonomic biomarker of
neurodevelopmental difficulties, such as depression
(Burkhouse et al. 2014; Burkhouse et al. 2015; Silk et al.
2007), anxiety (Burkhouse et al. 2014), bipolar disorder
(Lemaire et al. 2014) and autism spectrum disorders (Nuske
et al. 2014).
Autonomic Arousal and Conduct Problems
Over the last few decades, a wealth of research has shown the
relationship between reduced autonomic activity and different
indexes of antisocial behaviour. Antisocial behaviour is a het-
erogeneous construct that encapsulates a wide range of co-
occurring disruptive behavioural problems, including opposi-
tional behaviour, conduct problems and aggression, and anti-
social psychopathologies, such as psychopathy. Anti-sociality
in early childhood is observed in the form of temper outbursts,
hard-to-manage and rule-breaking behaviour, and aggression.
The association between the spectrum of conduct problems
and low ANS activity in response to negative emotional stim-
uli is well-established in adults and in children (Blair 1999;
Fanti et al. 2019; Raine et al. 2000; Van Goozen et al. 2007).
Moreover, longitudinal studies show that autonomic hypo-
responsivity in infancy or early childhood is a biomarker for
later aggression and antisocial behaviour (Baker et al. 2013;
Gao et al. 2009, 2010). Low autonomic responsivity to nega-
tive cues is considered to reflect fearlessness triggered by an
insensitive defensive motivational system (Blair 2006; Patrick
and Bernat 2009). Indeed, Fanti et al. (2019) concluded in a
meta-analysis that examining the activity of the SNS should
be considered as a research priority when examining psycho-
physiological measures, as low SNS reactivity to threatening
stimuli is an important indicator of childhood conduct prob-
lems. Research on autonomic responding to positive cues in
children with conduct problems has not yielded a clear picture,
with some studies finding reduced cardiovascular or electro-
dermal responsivity to reward in those with childhood conduct
problems (Beauchaine et al. 2008; Crowell et al. 2006; de
Wied et al. 2012; Gatzke-Kopp et al. 2015), whereas others
found reduced responsivity regardless of valence (Herpertz
et al. 2005).
The majority of studies to-date have explored SCR to af-
fective stimuli and adopted group-based study designs, com-
paring children with a variety of conduct problems to control
participants without conduct problems. This is problematic as
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antisocial behaviour is a heterogeneous construct that can be
conceptualised along varying dimensions of behavioural and
emotional processes (as described within the RDoC frame-
work) and, therefore, treating all antisocial individuals (and,
indeed, individuals in the control group) as a homogenous
group masks important information across specific dimen-
sions. This is particularly important given that conduct problems
vary in severity and often co-occur with other externalising dis-
orders, such as Attention Deficit Hyperactivity Disorder
(ADHD), as well as wider neurodevelopmental difficulties such
as callous features or internalising symptoms including anxiety
(Beauchaine et al. 2010; Blair et al. 2013; Fanti et al. 2019;
Lahey et al. 2008; Patalay et al. 2015) that can show independent
and differing relationships to patterns of autonomic responsivity.
It is therefore important to explore the dimensional relationship
between childhood conduct problems, with their various behav-
ioural (peer problems, impulsivity, poor behavioural control) and
emotional (fearlessness, irritability, emotion regulation problems)
components, and sympathetic autonomic reactivity in a large
heterogeneous sample, in order to allow for a greater understand-
ing about the specific influence of conduct problem as a dimen-
sional neurodevelopmental construct (Fonagy and Luyten 2017).
Further, despite the association between conduct
difficulties and low autonomic arousal, only one study has
explored the relationship between pupil responses to
affective stimuli in the context of antisociality and this was
limited to an adult sample. Burley et al. (2018) found that
adults high in psychopathy, specifically those with
interpersonal-affective features (e.g. callousness, lack of re-
morse) showed reduced pupil diameter in response to negative
threat stimuli, but normal pupil responses to positive stimuli.
In contrast, lifestyle-antisocial features of psychopathy (e.g.
impulsivity, poor behavioural control) were unrelated to pupil
response to affective stimuli. Therefore, there is evidence that
pupil hypo-responsivity to negative threat cues is a biomarker
of certain antisocial features in adulthood that are linked to
persistent and severe antisocial outcomes (McCuish et al.
2015). As yet, no study has investigated pupil responses to
affective stimuli in young children showing early conduct
problems, as well as wider disruptive behavioural problems.
It is important that we examine this biomarker early in devel-
opment as it may help to identify children early who are at risk
of more severe conduct problems later.
Current Study
The current study aimed to examine the role of abnormal
autonomic arousal to affective stimuli in a sample of young
children with emerging conduct and emotional problems. A
further aim was to explore whether impaired responding was
evident across both negative threat and positive appetitive
stimuli reflecting the functioning of underlying defensive
and appetitive motivation systems. We used a non-intrusive
pupillometry paradigm to measure autonomic response to af-
fective images in a large sample of young children (aged 4–
7 years old) with emerging behavioural problems who are at
risk of future psychopathology. In line with findings in adults
with ASPD (Burley et al. 2018), we predicted a reduced pupil
dilation to negative images in children with conduct problems
and no association between conduct problems and abnormal
pupil dilation to positive images. We also examined the spec-
ificity of these relations by investigating to what extent auto-
nomic impairment was also observed in those with emotional,
behavioural and/or interpersonal difficulties.
Method
Participants
One-hundred and thirty-one children (38 girls, 93 boys) aged
4–7 years old (M = 73.20 months, SD = 12.36, range = 49–
95 months) were referred to the Neurodevelopment
Assessment Unit (NDAU; http://www.cardiff.ac.uk/research/
explore/research-units/neurodevelopment-assessment-unit) at
Cardiff University by their schools for a range of
socio-emotional, behavioural and cognitive difficulties.
None of the children had received a diagnosis for any
neurodevelopmental disorder at the time of testing (and
therefore were not receiving any medication), although
many were on the diagnostic pathway. Written informed
consent was obtained from a parent or caregiver for each
child. Each child and their parent/care-giver attended two as-
sessment sessions at the NDAU, where the child completed a
range of tasks, including the pupillometry task. All experi-
mental procedures were given ethical approved by Cardiff
University.
Pupillometry Task
The children viewed affective and neutral images and their
pupil diameter was measured in response. The images were
selected from the International Affective Picture System
(IAPS; Lang et al. 2008): Ten negative (mean valence/
arousal based on IAPS normative ratings = 3.92, 6.05), ten
positive (mean valence/arousal = 7.55, 5.89) and ten neutral
images (mean valence/arousal = 5.28, 3.12) were presented.
The negative and positive images were matched for arousal
(p = .44), and were rated as more arousing than the neutral
images (ps < .001). The images were converted to grey-scale
and matched for luminance and luminance-contrast (ps > .05).
Each image was presented for two seconds, before a brief tone
indicated that the child could press a button to remove the
image from the screen. Each image was preceded by a grey
screen with a fixation cross in the centre for one second, and
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followed by a blank grey screen for three seconds; both of
these slides were luminance-matched to the image set.
Strengths and Difficulties Questionnaire
As part of the school referral process to the NDAU, the child’s
teacher completed the Strengths and Difficulties Questionnaire
(SDQ; Goodman 1997) prior to the child’s assessment session.
The SDQ is a 25-item screening tool to assess the child’s func-
tioning across emotional, conduct, hyperactivity/inattention and
peer relationships problems, as well as examining prosocial be-
haviours. Missing SDQ item-scores were calculated based on the
mean scores for the remaining items and rounded to the nearest
whole number. Each subscale demonstrated decent internal reli-
ability (Cronbach’s α: Emotional problems = .75, Conduct prob-
lems = .70, Hyperactivity = .73, Peer problems = .70,
Prosocial = .83). The children within the sample showed a wide
range of difficulties and 65.50% were rated by their teachers as
having ‘High’ or ‘Very High’ difficulties according to their total
SDQ scores (see for more information below on the SDQ).
Lucid Ability Assessment
To explore the role of child intelligence on pupillary re-
sponses, an estimate of intelligence was obtained through
the administration of the Lucid Ability assessment (Version
5.15; GL Assessment 2014). This task measures general con-
ceptual ability across verbal and non-verbal reasoning tasks.
For children younger than 7 years old, verbal ability was
assessed by a picture vocabulary task and non-verbal ability
was assessed via a mental rotation task. In children aged
7 years or older, verbal ability was assessed through a concep-
tual similarities task and non-verbal ability via a matrix
problem-solving task. None of these tests requires the child
to read as the instructions and tasks are read aloud to them.
The child receives a standardised score based on their perfor-
mance on the verbal and non-verbal tasks, as well as a score
for general conceptual ability that is the combination of each
task’s score. Four children did not complete the non-verbal
reasoning tasks and their verbal reasoning task score was used
as their general conceptual ability score.
Data Acquisition and Analyses
ATobii X2–60 Hz eye tracker recorded each child’s pupil diam-
eter in response to the affective images. Pictures were presented
on a laptop screen that was 55.9 cm with a screen resolution of
1680 × 1080 pixels, positioned approximately 60 cm from the
child’s eyes, in a dim room. The data was cleaned and analyzed
using Matlab (MathWorks, version 8.5) based on the methods
described in Burley et al. (2017).
We were unable to obtain pupillometry data for six children
(due to difficulties sitting still, a lack of engagement, etc). Also,
children with less than 50% valid data across all trials during
image presentation were excluded leading to the removal of nine
participants. This left a sample of 116 participants (33 girls).
The split-half internal reliability was high for mean pupil
diameter during image presentation (r = .99, using a
Spearman-Brown correction).
Pupil diameter was recorded in millimetres. To identify
changes in pupil diameter specific to the affective component
of the negative and positive images respectively, we calculated
the difference in pupil diameter to each affective category
compared to neutral images. This was calculated from 1000
to 2000 ms following image presentation as pupil response
over this later period is considered to primarily reflect sympa-
thetic activation (Bradley et al. 2017). We ran correlations
assessing the relationships between negative–neutral and
positive-neutral pupil diameter and SDQ scores. We con-
trolled for each individual’s overall pupil diameter within
these correlation analyses, defined as pupil size over the peri-
od 200 ms prior to image presentation (Burley et al. 2018), as
well as participant age.We note that there was no difference in
pupil diameter in response to negative or positive images (mi-
nus pupil diameter to neutral images) across participant gen-
der (ps > .58) and so we did not include this variable in
analyses.
Results
Figure 1 shows the change in pupil diameter in response to the
onset of the images, revealing a typical pattern within the
sample of increased pupil diameter to negative and positive
images compared to neutral images. Mean pupil diameter was
calculated in response to negative, positive and neutral images
from 1000 to 2000 ms post-image onset and a repeated mea-
sures ANOVA revealed a main effect of emotion, F(2, 230) =
24.98, p < .001, η2 = .18, 90% CI [.10, .24]. Both negative
(M = 4.16, SD = 0.56) and positive images (M = 4.14, SD =
0.55) led to greater pupil diameter than neutral images (M =
4.07, SD = 0.53) respectively (ps < .001), with no difference
between negative and positive images (p = .16).
Child estimated intelligence, as measured by the Lucid
Ability assessment, was not related to pupil diameter in re-
sponse to negative or positive images (minus pupil diameter to
neutral images) (ps > .26) and so was not considered further in
subsequent analyses.
Emotionally-Modulated Pupil Response and SDQ
Scores
Table 1 reports the SDQ scores of the participants for whom
we obtained pupil data. Table 2 describes the relationships
between the SDQ subscales. Scores on the Conduct problems,
Hyperactivity and Peer problems subscales were significantly
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positively related, with these subscales showing negative as-
sociations with the Prosocial subscale. The SDQ Emotional
problems subscale showed a positive relationship with the
Conduct subscale, with no relationships emerging with scores
on the other dimensions.
We assessed the relationship between SDQ scores and both
negative-neutral and positive-neutral pupil diameter over
1000–2000 ms post-image onset, while controlling for each
participant’s overall pupil size and age. As can be seen in
Table 3, negative-neutral pupil diameter was inversely related
to Emotional problems, Conduct problems, Hyperactivity and
Peer problems, and positively related to Prosocial behaviour.
Not surprisingly, SDQ Total difficulties scores were inversely
associated with negative-neutral pupil diameter. A multiple
linear regression revealed that only Emotional problems
uniquely and negatively predicted negative-neutral pupil di-
ameter (t(110) = −2.41, p = .02, β = −.23, 95% CI [−.41,
−.04]), with none of the remaining SDQ subscales being pre-
dictive (ps > .25). Given the overlap between the Conduct
problems, Hyperactivity, Peer problems and Prosocial behav-
iour subscales, we created a composite score consisting of the
mean scores across these subscales that we termed ‘Disruptive
behaviour’. Negative-neutral pupil diameter was inversely re-
lated to Disruptive behaviour (see Table 3). When we entered
this score alongside Emotional problems as predictors into a
multiple linear regression (the α-level was Bonferroni-
adjusted for these additional analyses based on two predictor
variables) we found that both Emotional problems (t(112) =
−2.74, p = .01, β = −.24, 95% CI [−.43, −.07]) and Disruptive
behaviour (t(112) = −2.38, p = .02, β = −.21, 95% CI [−.39,
−.04]) uniquely negatively predicted negative-neutral pupil
diameter.
As can be seen in Table 3, none of the SDQ subscales
showed a relationship to positive-neutral pupil diameter.
General Discussion
The aim of the current study was to examine whether abnor-
mal autonomic arousal to affective stimuli measured using
Table 1 Descriptive information for the Strengths and Difficulties
Questionnaire (SDQ) scores of the participants for whom we obtained
pupil data (n = 116)
Variable M (SD) High-risk † (%)
SDQ subscales
Emotional problems 3.22 (2.60) 31.90
Conduct problems 3.39 (2.59) 44.80
Hyperactivity 7.63 (2.31) 59.50
Peer problems 3.31 (2.32) 35.30
Prosocial 4.51 (2.89) 53.40
Total difficulties 17.55 (6.33) 65.50
Disruptive behaviour 4.96 (1.93)
†High risk was defined as scores within the ‘High’ or ‘Very High’
categorisation and ‘Low’ and ‘Very Low’ for the SDQ Prosocial sub-
scales according to the SDQ scoring guidelines retrieved from http://
www.sdqinfo.org/py/sdqinfo/b3.py?language=Englishqz(UK)
Note. Composite Disruptive behaviour scores were calculated from the
mean score across the Conduct, Hyperactivity, Peer problems and re-
versed Prosocial behaviour subscales
Fig. 1 Pupil diameter in response
to negative, positive and neutral
images across the sample of
young children (n = 116)
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pupillometry was related to severity of conduct and emotional
problems in a high-risk sample of young children showing
early signs of psychopathological problems, and whether im-
paired reactivity was specific to negative stimuli. Firstly, we
observed increased pupil diameter across our sample in re-
sponse to negative and positive images compared to neutral
images, consistent with ‘normal’ pupil response patterns col-
lected previously within community samples (Bradley et al.
2008; Snowden et al. 2016). More importantly, reduced pupil
dilation to negative images was associated with increased con-
duct symptoms. These findings are consistent with previous
research that has indicated that low autonomic arousal to aver-
sive cues is associated with risk of aggression or antisociality
later in life (Baker et al. 2013; Gao et al. 2009, 2010) and
findings in antisocial adults using pupillometry (Burley et al.
2018). The autonomic hypo-reactivity observed among chil-
dren with an early disruptive profile may drive their antisocial
development, as they are insensitive to negative cues and fail
to recognise or respond to the negative consequences associ-
ated with behaviour (van Goozen 2015). This conceivably
could explain the child’s preparedness to engage in and persist
with antisocial behaviours, as well as their failure to withdraw
from threatening or aversive situations. The current study is
the first to demonstrate reduced pupil reactivity to negative
stimuli as a biomarker of conduct problem severity in
children.
Interestingly, the pattern of blunted pupil activity to negative
stimuli was not limited to the dimension of conduct symptoms
alone; it was also associated with elevated emotional difficulties,
hyperactivity, peer problems, and diminished prosocial behav-
iour. In fact, no subscale, aside from emotional problems, unique-
ly predicted blunted pupil responsivity to the negative threat
images alone. This may be due to the high degree of overlap
between conduct, hyperactivity, peer and prosocial problems,
which is unsurprising given the co-occurrence of externalising
difficulties (Lahey et al. 2008; Patalay et al. 2015). When we
created a single disruptive behaviour scale (comprising conduct,
hyperactivity, peer and prosocial problems) this dimension in-
deed predicted blunted pupil reactivity to negative threat stimuli
alongside the Emotional problems subscale. This suggests that
reduced pupil responses to negative threat stimuli is an autonom-
ic biomarker within young children for an early profile of disrup-
tive behaviour, including conduct problems, hyperactivity and
interpersonal difficulties, as well as reduced prosocial behaviours
that has been linked to early emerging psychopathic traits (Dadds
et al. 2005).
Table 2 Pearson’s correlations
between the Strengths and
Difficulties Questionnaire (SDQ)
subscales scores for whom we
obtained pupil data (n = 116)
Subscales 1 2 3 4
1. Emotional
problems
2. Conduct problems .20* [.02, .37]
3. Hyperactivity −.04 [−.22, .14] .44*** [.28, .58]
4. Peer problems .06 [−.12, .24] .40*** [.24, .54] .27* [.09, .43]
5. Prosocial −.01 [−.19, .17] −.59***[−.70,
−.46]
−.40** [−.54,−.24] −.52** [−.64,−.37]
* p < .05, ** p < .01, *** p < .001
[95% CI], confidence intervals are presented for correlations
Table 3 The relationship
between Strengths and
Difficulties Questionnaire (SDQ)
scores and negative/positive-
neutral pupil diameter (n = 116),
controlling for overall pupil size
and participant age
Variable df Negative-neutral pupil diameter Positive-neutral pupil diameter
r [95% CI] r [95% CI]
SDQ subscales
Emotional problems 112 −.23* [−.40, −.05] −.14 [−.31, .04]
Conduct problems 112 −.23* [−.40, −.05] −.04 [−.22, .14]
Hyperactivity 112 −.19* [−.36, .01] −.10 [−.28, .08]
Peer problems 112 −.24** [−.36, −.06] −.05 [−.23, .13]
Prosocial 112 .23* [.05, .40] .07 [−.11, .25]
Total difficulties 112 −.34*** [−.49, −.17] −.13 [−.31, .05]
Disruptive behaviour 112 −.29** [−.45, −.11] −.09 [−.27, .10]
* p < .05, ** p < .01, *** p < .001
[95% CI], confidence intervals are presented for correlations
Note. Composite Disruptive behaviour scores were calculated from the mean score across the Conduct,
Hyperactivity, Peer problems and reversed Prosocial behaviour subscales
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The current study also found that severity of emotional
problems in young children uniquely predicted the pattern of
diminished pupil reactivity to negative images. This finding is
consistent with previous pupillometry research that reports
that depression severity (within adolescents and adults) was
related to diminished pupil dilation to negatively-laden words
(Siegle et al. 2011; Silk et al. 2007). Siegle et al. (2011) also
reported that increased pupillary responses were correlated
with activity in the dorsolateral prefrontal region, a region
associated with executive control and emotion regulation, in
individuals with high levels of depressive symptoms (as well
as control participants). It was therefore argued that individ-
uals with elevated internalising symptoms may be
characterised by disrupted executive control mechanisms re-
sponsible for emotional regulation reflected in reduced pupil
reactivity. Therefore, diminished pupillary dilation to negative
threat stimuli, as observed in the present study, can act as an
autonomic biomarker of emotional difficulties in childhood,
that may reflect underlying emotional dysregulation.
This finding suggests that low ANSmay be a risk factor for
early maladjustment including internalising difficulties (Chen
et al. 2015), which is consistent with recent conceptualisations
that psychopathology within children (likewise to adult men-
tal health) is characterised by a general psychopathology risk
factor that bridges externalising and internalising difficulties
(Patalay et al. 2015). However, there are alternative studies
that have reported that internalising difficulties in the context
of additional childhood conduct problems are associated with
heightened emotionality and hyper-arousal (Fanti and
Kimonis 2017; Fanti et al. 2018). However, these studies used
participants from community samples rather than high-risk
samples such as the current study. The children in the current
study had complex backgrounds and were already experienc-
ing substantial early difficulties across a range of emotional,
behavioural and interpersonal dimensions - to the point where
teachers working with them made a referral to the NDAU
seeking help – and therefore represent a pre-diagnostic devel-
opmental sample. The complex and overlapping nature of the
difficulties present in our high-risk sample seem likely to dif-
fer from those present in community samples where function-
ing is higher and the nature of emotional problems (as well as
wider difficulties) are less severe, which may account for dif-
ferential patterns of autonomic arousal in relation to
internalising difficulties. A further reason for the discrepancy
in findings for the emotional problems dimension is that pre-
vious studies tend to create subgroups high in conduct/callous
symptoms with high or low internalising difficulties. Treating
these difficulties as orthogonal is surprising and fails to rec-
ognise the comorbidity of externalising and internalising dif-
ficulties (Nock et al. 2007) in contrast to the current dimen-
sional approach. Further, a groups-based approach loses the
heterogeneity that exists within specific constructs which may
mask independent dimensional relationships, which is
particularly relevant given the distinct and varying patterns
of physiological reactivity observed within conduct and anx-
iety spectrums (Fanti 2016; Lang et al. 2016).
Despite individuals with conduct problems showing both
aberrant threat and reward processing (Byrd et al. 2014), our
findings indicate that early conduct problems (as well as wider
behavioural, emotional and interpersonal difficulties) are se-
lectively related to abnormal pupil responses to negative im-
ages with no association emerging for pupil response to pos-
itive images (matched for subjective arousal ratings), similar
to findings in adult psychopathy (Burley et al. 2018). Given
that arousal is an indicator of the sensitivity of an organism to
emotional cues within the RDoC framework, this suggests
that early conduct problems are related to a specific insensi-
tivity to negative cues, alongside typical autonomic reactivity
to positive cues. This provides evidence that the reward-
oriented behaviours associated with antisociality do not occur
due to an abnormal autonomic response to positive cues
(Fairchild et al. 2009), but rather may reflect a failure to re-
spond appropriately to negative cues (i.e., fearlessness) con-
sistent with a weakened defensive motivation system.
Conversely, Burley et al. (2018) reported that psychopathy
traits within adults were associated with increased pupil diam-
eter in response to happy faces, indicating stimulus-specific
effects that need further investigation.
Implications
The current study highlights reduced pupil reactivity to nega-
tive cues as a biomarker linked to conduct problems and wider
disruptive behaviour difficulties, as well as emotional prob-
lems within childhood. This is important as longitudinal stud-
ies indicate that infants who show early blunted autonomic
responsivity are at greater risk of engaging in future antisocial
and aggressive behaviours (Baker et al. 2013; Gao et al. 2009,
2010; van Goozen 2015). Early neurobiological biomarkers,
such as blunted pupil responses to negative cues, may help to
identify children early who are at risk of more severe conduct
or emotional difficulties later. Opportunities for early interven-
tion are promising because of the greater plasticity of the brain
early in life (Cioni et al. 2016; Ismail et al. 2017), which may
offer immediate benefits as well as potential disruption to a
pathway to later psychopathology and/or antisociality. In ad-
dition, our results highlight the value of a dimensional over
traditional case-control approach to neurodevelopmental dif-
ficulties (i.e., extreme variants of normal personality vari-
ables) and in relation to autonomic reactivity. It is important
that future research adopts and extends the dimensional ap-
proach when using autonomic measures, such as pupil
responsivity, as clustering variables consistent with the
RDoC framework to allow for greater understanding of the
variables that contribute to abnormal sympathetic autonomic
arousal.
J Abnorm Child Psychol
Limitations
This study has several limitations. The children were seen at a
single time-point, limiting the current study’s ability to assess
the predictive value of pupil reactivity to affective cues for
conduct and emotional problems across development. The
sample was comprised of young children referred by their
schools for emotional and behavioural difficulties, and be-
cause of their young age none of the children had yet received
a formal diagnosis. However, given the severity of the prob-
lems reported, it seems likely that many will receive a diag-
nosis later in life.
Conclusion
The current findings indicate that reduced pupil responsivity
to negative stimuli is a biomarker of early conduct, affective
and interpersonal difficulties, as well as reduced prosocial
behaviours in young children, indexing a possible future anti-
social profile. No similar autonomic insensitivity was ob-
served in response to positive stimuli. The current research
highlights the value of the current pupillometry paradigm as
a fast, time-sensitive, and non-intrusive measure to identify
young children experiencing early difficulties, which can pro-
vide opportunities for intervention to disrupt pathways to later
psychopathology.
Acknowledgements We are extremely grateful to the children, families
and schools that took part in our research. We would like to thank Dr.
Christopher Hobson, Dr. Angie Wigford, Holly Howe-Davies,
Oluwadolapo Adegboye, Claire Bowsher-Murray, Louise Page, Jessica
Brown, Lucie Mathison, Ffion Williams and George Metaxa for their
assistance with this study and their help with recruitment.
Funding Information This work was supported by The Waterloo
Foundation [grant number 511633] awarded to SHMvG.
Compliance with Ethical Standards
Conflict of Interest The authors declare that they have no conflict of
interest.
Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate if
changes weremade. The images or other third party material in this article
are included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the
article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
References
Baker, E., Shelton, K. H., Baibazarova, E., Hay, D. F., & Van Goozen, S. H.
(2013). Low skin conductance activity in infancy predicts aggression in
toddlers 2 years later. Psychological Science, 24(6), 1051–1056.
Baskin-Sommers, A. R., & Foti, D. (2015). Abnormal reward functioning
across substance use disorders and major depressive disorder:
Considering reward as a transdiagnostic mechanism. International
Journal of Psychophysiology, 98(2), 227–239.
Beauchaine, T. P., Hong, J., &Marsh, P. (2008). Sex differences in autonomic
correlates of conduct problems and aggression. Journal of the American
Academy of Child & Adolescent Psychiatry, 47(7), 788–796.
Beauchaine, T. P., Hinshaw, S. P., & Pang, K. L. (2010). Comorbidity of
attention-deficit/hyperactivity disorder and early-onset conduct dis-
order: Biological, environmental, and developmental mechanisms.
Clinical Psychology: Science and Practice, 17(4), 327–336.
Blair, R. (1999). Responsiveness to distress cues in the child with psy-
chopathic tendencies. Personality and Individual Differences, 27(1),
135–145.
Blair, R. (2006). The emergence of psychopathy: Implications for the
neuropsychological approach to developmental disorders.
Cognition, 101(2), 414–442.
Blair, R., White, S. F., Meffert, H., & Hwang, S. (2013). Disruptive
behavior disorders: Taking an RDoC (ish) approach. In Andersen
S. &, Pine D. (eds), The neurobiology of childhood (pp. 319–336).
Springer, Berlin, Heidelberg.
Bradley,M.M.,Miccoli, L., Escrig,M., & Lang, P. J. (2008). The pupil as
a measure of emotional arousal and autonomic activation.
Psychophysiology, 45(4), 602–607. https://doi.org/10.1111/j.1469-
8986.2008.00654.x.
Bradley, M. M., Sapigao, R. G., & Lang, P. J. (2017). Sympathetic ANS
modulation of pupil diameter in emotional scene perception: Effects
of hedonic content, brightness, and contrast. Psychophysiology,
54(10), 1419–1435.
Burkhouse, K. L., Siegle, G. J., & Gibb, B. E. (2014). Pupillary reactivity
to emotional stimuli in children of depressed and anxious mothers.
Journal of Child Psychology and Psychiatry, 55(9), 1009–1016.
Burkhouse, K. L., Siegle, G. J., Woody, M. L., Kudinova, A. Y., & Gibb,
B. E. (2015). Pupillary reactivity to sad stimuli as a biomarker of
depression risk: Evidence from a prospective study of children.
Journal of Abnormal Psychology, 124(3), 498–506.
Burley, D. T., Gray, N. S., & Snowden, R. J. (2017). As far as the eye can
see: Relationship between psychopathic traits and pupil response to
affective stimuli. PLoS One, 12(1), e0167436. https://doi.org/10.
1371/journal.pone.0167436.
Burley, D. T., Gray, N. S., & Snowden, R. J. (2018). Emotionalmodulation of
pupil diameter in psychopathy. Personality Disorders, Theory,
Research, and Treatment. https://doi.org/10.1037/per0000313.
Byrd, A. L., Loeber, R., & Pardini, D. A. (2014). Antisocial behavior,
psychopathic features and abnormalities in reward and punishment
processing in youth. Clinical Child and Family Psychology Review,
17(2), 125–156.
Chen, F. R., Raine, A., Soyfer, L., & Granger, D. A. (2015). Interaction of
adrenocortical activity and autonomic arousal on children’s exter-
nalizing and internalizing behavior problems. Journal of Abnormal
Child Psychology, 43(1), 189–202.
Cioni, G., Inguaggiato, E., & Sgandurra, G. (2016). Early intervention in
neurodevelopmental disorders: Underlying neural mechanisms.
Developmental Medicine and Child Neurology, 58, 61–66.
Crowell, S. E., Beauchaine, T. P., Gatzke-Kopp, L., Sylvers, P., Mead, H., &
Chipman-Chacon, J. (2006). Autonomic correlates of attention-deficit/
hyperactivity disorder and oppositional defiant disorder in preschool
children. Journal of Abnormal Psychology, 115(1), 174–178.
Dadds, M. R., Fraser, J., Frost, A., & Hawes, D. J. (2005). Disentangling
the underlying dimensions of psychopathy and conduct problems in
J Abnorm Child Psychol
childhood: A community study. Journal of Consulting and Clinical
Psychology, 73(3), 400–410.
deWied,M., vanBoxtel, A.,Matthys,W.,&Meeus,W. (2012). Verbal, facial
and autonomic responses to empathy-eliciting film clips by disruptive
male adolescents with high versus low callous-unemotional traits.
Journal of Abnormal Child Psychology, 40(2), 211–223.
Fairchild, G., van Goozen, S. H.M., Stollery, S. J., Aitken,M. R., Savage,
J., Moore, S. C., & Goodyer, I. M. (2009). Decision making and
executive function in male adolescents with early-onset or
adolescence-onset conduct disorder and control subjects.
Biological Psychiatry, 66(2), 162–168.
Fanti, K. A. (2016). Understanding heterogeneity in conduct disorder: A
review of psychophysiological studies. Neuroscience &
Biobehavioral Reviews, 91, 4–20.
Fanti, K. A., & Kimonis, E. (2017). Heterogeneity in externalizing prob-
lems at age 3: Association with age 15 biological and environmental
outcomes. Developmental Psychology, 53(7), 1230–1241.
Fanti, K. A., Kyranides, M. N., Petridou, M., Demetriou, C. A., &
Georgiou, G. (2018). Neurophysiological markers associated with
heterogeneity in conduct problems, callous unemotional traits, and
anxiety: Comparing children to young adults. Developmental
Psychology, 54(9), 1634–1649.
Fanti, K. A., Eisenbarth, H., Goble, P., Demetriou, C., Kyranides, M. N.,
Goodwin, D., Zhang, J., Bobak, B., & Cortese, S. (2019).
Psychophysiological activity and reactivity in children and adoles-
cents with conduct problems: A systematic review and meta-analy-
sis. Neuroscience & Biobehavioral Reviews, 100, 98–107.
Fonagy, P., & Luyten, P. (2017). Conduct problems in youth and the
RDoC approach: A developmental, evolutionary-based view.
Clinical Psychology Review, 64, 57–76.
Gao, Y., Raine, A., Venables, P. H., Dawson, M. E., & Mednick, S. A.
(2009). Association of poor childhood fear conditioning and adult
crime. American Journal of Psychiatry, 167(1), 56–60.
Gao, Y., Raine, A., Venables, P. H., Dawson, M. E., & Mednick, S. A.
(2010). Reduced electrodermal fear conditioning from ages 3 to 8
years is associated with aggressive behavior at age 8 years. Journal
of Child Psychology and Psychiatry, 51(5), 550–558.
Gatzke-Kopp, L. M., Willner, C. J., Jetha, M. K., Abenavoli, R. M.,
DuPuis, D., & Segalowitz, S. J. (2015). How does reactivity to
frustrative non-reward increase risk for externalizing symptoms?
International Journal of Psychophysiology, 98(2), 300–309.
GL Assessment. (2014). Lucid ability [computer software]. London:
Lucid Research Limited.
Goodman, R. (1997). The Strengths and Difficulties Questionnaire: A
research note. Journal of Child Psychology and Psychiatry, 38(5),
581–586.
Hajcak, G., & Patrick, C. J. (2015). Situating psychophysiological sci-
ence within the research domain criteria (RDoC) framework.
International Journal of Psychophysiology, 98, 223–226.
Herpertz, S. C., Mueller, B., Qunaibi, M., Lichterfeld, C., Konrad, K., &
Herpertz-Dahlmann, B. (2005). Response to emotional stimuli in
boys with conduct disorder. American Journal of Psychiatry,
162(6), 1100–1107.
Ismail, F. Y., Fatemi, A., & Johnston, M. V. (2017). Cerebral plasticity:
Windows of opportunity in the developing brain. European Journal
of Paediatric Neurology, 21(1), 23–48.
Lahey, B. B., Rathouz, P. J., Van Hulle, C., Urbano, R. C., Krueger, R. F.,
Applegate, B., et al. (2008). Testing structural models of DSM-IV
symptoms of common forms of child and adolescent psychopathol-
ogy. Journal of Abnormal Child Psychology, 36(2), 187–206.
Lang, P. J., & Bradley,M.M. (2010). Emotion and themotivational brain.
Biological Psychology, 84(3), 437–450. https://doi.org/10.1016/j.
biopsycho.2009.10.007.
Lang, P. J., Bradley, M.M., & Cuthbert, B. (2008). International affective
picture system (IAPS): Affective ratings of pictures and instruction
manual. Technical report A-8. University of Florida, Gainesville.
Lang, P. J., McTeague, L. M., & Bradley, M. M. (2016). RDoC, DSM,
and the reflex physiology of fear: A biodimensional analysis of the
anxiety disorders spectrum. Psychophysiology, 53(3), 336–347.
Lemaire, M., Aguillon-Hernandez, N., Bonnet-Brilhault, F., Martineau,
J., & El-Hage, W. (2014). Subjective and physiological emotional
response in euthymic bipolar patients: A pilot study. Psychiatry
Research, 220(1), 294–301.
McCuish, E. C., Corrado, R. R., Hart, S. D., & DeLisi, M. (2015). The
role of symptoms of psychopathy in persistent violence over the
criminal career into full adulthood. Journal of Criminal Justice,
43(4), 345–356.
Nock, M. K., Kazdin, A. E., Hiripi, E., & Kessler, R. C. (2007). Lifetime
prevalence, correlates, and persistence of oppositional defiant disor-
der: Results from the National Comorbidity Survey Replication.
Journal of Child Psychology and Psychiatry, 48(7), 703–713.
Norman, G. J., Berntson, G. G., & Cacioppo, J. T. (2014). Emotion,
somatovisceral afference, and autonomic regulation. Emotion
Review, 6(2), 113–123.
Nuske, H. J., Vivanti, G., Hudry, K., & Dissanayake, C. (2014).
Pupillometry reveals reduced unconscious emotional reactivity in
autism. Biological Psychology, 101, 24–35.
Patalay, P., Fonagy, P., Deighton, J., Belsky, J., Vostanis, P., & Wolpert,
M. (2015). A general psychopathology factor in early adolescence.
The British Journal of Psychiatry, 207(1), 15–22.
Patrick, C. J., & Bernat, E. M. (2009). Neurobiology of psychopathy: A
two-process theory. In G. G. Bernston & J. T. Cacioppo (Eds.),
Handbook of neuroscience for the Behavioural sciences (pp.
1110–1131). New York: Wiley.
Raine, A., Lencz, T., Bihrle, S., LaCasse, L., & Colletti, P. (2000).
Reduced prefrontal gray matter volume and reduced autonomic ac-
tivity in antisocial personality disorder. Archives of General
Psychiatry, 57(2), 119–127.
Scarpa, A. (2015). Physiological arousal and its Dysregulation in child
maladjustment. Current Directions in Psychological Science, 24(5),
345–351.
Siegle, G. J., Steinhauer, S. R., Friedman, E. S., Thompson, W. S., &
Thase, M. E. (2011). Remission prognosis for cognitive therapy for
recurrent depression using the pupil: Utility and neural correlates.
Biological Psychiatry, 69(8), 726–733.
Silk, J. S., Dahl, R. E., Ryan, N. D., Forbes, E. E., Axelson, D. A.,
Birmaher, B., & Siegle, G. J. (2007). Pupillary reactivity to emo-
tional information in child and adolescent depression: Links to clin-
ical and ecological measures. American Journal of Psychiatry,
164(12), 1873–1880.
Snowden, R. J., O'Farrell, K. R., Burley, D. T., Erichsen, J. T., Newton, N. V.,
&Gray, N. S. (2016). The pupil's response to affective pictures: Role of
image duration, habituation, and viewing mode. Psychophysiology,
53(8), 1217–1223. https://doi.org/10.1111/psyp.12668.
van Goozen, S. H. M. (2015). The role of early emotion impairments in
the development of persistent antisocial behavior. Child
Development Perspectives, 9(4), 206–210.
Van Goozen, S. H. M., Fairchild, G., Snoek, H., & Harold, G. T. (2007).
The evidence for a neurobiological model of childhood antisocial
behavior. Psychological Bulletin, 133(1), 149–182.
Venables, P., & Mitchell, D. (1996). The effects of age, sex and time of
testing on skin conductance activity. Biological Psychology, 43(2),
87–101.
Yancey, J. R., Vaidyanathan, U., & Patrick, C. J. (2015). Aversive startle
potentiation and fear pathology: Mediating role of threat sensitivity
and moderating impact of depression. International Journal of
Psychophysiology, 98(2), 262–269.
Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.
J Abnorm Child Psychol
